Introduction
China's share in world trade has increased extremely rapidly during the past years. In fact, it is already one of the largest exporters in the world, together with Germany and the United States.
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On the one hand, Chinese policymakers appear to be maintaining an artificially low exchange rate for the renminbi so as to profit from external demand and achieve a much needed high growth rate. On the other hand, given that prices may still play only a limited role in supply and demand decisions in China's transitional economy, doubts have been raised that the exchange rate can be an effective tool in reducing the trade surplus. Linked to the first argument is the fact that China is facing strong pressure from industrial countries to appreciate the renminbi. The real effective exchange rate (REER) of the renminbi rose steeply from 1994 until end-1997 but tended to decline after that until the move to a more flexible exchange rate regime was announced in July 2005. Thereafter the renminbi has appreciated somewhat in real terms. The question is whether -and to what extent -the sharp increase in the trade surplus can be explained by such a real depreciation.
The large size of China's trade surplus makes the issue important not only for China but also for the rest of the world. The existing literature is not conclusive. The lack of appropriate data and sufficiently long time series has discouraged research on the link between the renminbi exchange rate and China's trade. Since the summer of 2003, when discussions on the undervaluation of the renminbi came to the forefront, research on China's exchange rate policy has blossomed, but much of it has focused on estimating the long-run equilibrium exchange rate for China or exploring what kind of exchange rate regime best suits the Chinese economy. While both questions are clearly relevant, the most urgent issue -given the size of global imbalances -is whether China should use currency appreciation as a tool to reduce its huge trade surplus.
China's balance of payments trade statistics generally show slightly larger trade surpluses than the customs statistics. According to the balance of payments data, the trade surplus in 2006 amounted to USD 218 billion, or more than 8% of GDP.
Our paper analyzes this question empirically using cointegration analysis. According to our results, a real appreciation of the renminbi would reduce China's trade surplus in the long run, but the effect would be limited. The relatively small impact -compared with the size of the imbalance -is mainly explained by the peculiar price elasticity we find for imports: namely, Chinese imports are negatively affected by the renminbi's real appreciation. By estimating bilateral import equations, we find that imports from Asian countries tend to fall but not those from other countries. This apparently counterintuitive result might well be explained by the vertical integration that characterises intraregional trade in Asia: Chinese imports from the rest of Southeast Asia are mostly geared towards re-export. In addition, we show evidence that the Southeast Asian countries do not seem able to compensate for the reduction in their exports to China by increasing exports to other countries, as their total exports are generally negatively affected by the renminbi's appreciation. In other words, exports from Southeast Asian countries seem to be a complement to exports from China rather than a substitute for them.
The rest of the paper is organized as follows. Section 2 reviews the existing literature. Section 3 describes the methodology and the data used. Section 4 presents the results on how China's exports and imports react to changes in the exchange rate and demand. In Section 5, we dig deeper into the issue of why Chinese imports do not get a boost from the renminbi's appreciation; to do so, we estimate bilateral trade equations with China's main trade partners and then analyse the export equations of selected Asian countries. Section 6 concludes.
Literature review
The literature on the impact of a real renminbi appreciation on China's trade balance may be divided into two groups according to the results. The first group -and clearly the largestshows evidence that a real appreciation reduces the trade surplus through exports or imports or both. Only a couple of papers find a positive impact on the trade surplus or one. Table 1 summarizes the literature and the methodologies used.
Among the first studies on this topic, Cerra and Dayal-Gulati (1999) estimate the price elasticities of China's exports and imports for the period 1983-97 with an error correction model and find them to be negative and significant for exports (-0.3) and positive and significant for imports (0.7). In addition, they show that both elasticities increase over time. Dees (2001) improves on the previous analysis by separating China's exports and imports into two categories, those processed (eg imports of components for assembly) and ordinary ones. He finds that, in the long term, currency appreciation decreases exports. He also reports that ordinary exports are more price sensitive than processing exports, and processing imports slightly increase in the case of a renminbi appreciation. Bénassy-Quéré and Lahrèche-Révil (2003) simulate the impact of a 10% real renminbi depreciation and report an increase in China's exports to the OECD countries and a reduction of China's imports from emerging Asia if their exchange rates remained unchanged. Kamada and Takagawa (2005) do some model simulations to calculate the effects of China's exchange rate reform. They show that a 10% appreciation would boost Chinese imports slightly, while the impact on China's exports would be minuscule. These four papers that use data prior to China's WTO membership thus find exports to be affected negatively and imports positively by a renminbi appreciation.
A few more papers using the data mainly prior to the WTO membership study only Chinese exports. Yue and Hua (2002) and Eckaus (2004) both confirm the earlier result that a real appreciation reduces China's exports. As does Cerra and Dayal-Guyati, but with more recent data, Yue and Hua show that Chinese exports are becoming more price sensitive. Voon et al (2006) use sectoral data for 1978-98 and incorporate the degree of overvaluation of the renminbi when estimating China's export equations; they also find a negative link between appreciation and China's exports.
The papers using more recent data support the earlier results on exports' negative exchange rate elasticity but challenge the result that a renminbi appreciation would increase imports to China. Lau et al (2004) estimate China's exports to, and imports from, the G-3 using quarterly data. In the long run, an increase of the real effective exchange rate is found to be significant in lowering exports. However, neither ordinary imports nor imports for processing seem to be affected by the REER. In any event, the results are difficult to interpret since it is not clear how they discount exports and imports, and the number of observations is small. Thorbecke (2006) Shu and Yip (2006) estimate the impact of exchange rate movements on the Chinese economy as a whole and find that an appreciation can reduce exports through an expenditure-switching effect that causes a moderate contraction in aggregate demand.
Although the earlier papers conclude that a renminbi appreciation would lead to a decline in China's trade surplus mainly via its negative impact on Chinese exports, some other papers offer a somewhat different view. For example, Jin (2003) estimates the relationship among real interest rates, real exchange rates and China's balance of payments and concludes that a real appreciation tends actually to increase the surplus in the balance of payments. Cerra and Saxena (2003) use sectoral data to study the behaviour of Chinese exporters and find that higher export prices have increased the supply of exports, particularly in recent years. The impact of the nominal exchange rate (NEER) on exports is not robust. In any event, their results -as any other with sectoral data -should be interpreted with care since only about half of Chinese exports are covered in the sectoral data, and no quality adjustment is reported in the unit price series.
One of the most recent attempts to estimate Chinese import and export equations is that of Marquez and Schindler (2006) . They use shares of world total trade instead of import and export volumes to avoid employing proxies for China's export and import prices. According to their results, the real appreciation of the renminbi negatively affects not only China's export share but also its import share, at least for ordinary trade. The results are interesting, but estimated impacts are on import and export shares so that no inference can be made about the trade account. In addition, no cointegration techniques are used so that only short-run elasticities can be estimated.
In brief, a clear majority of earlier studies have found that a real appreciation of the renminbi reduces Chinese exports. The result is robust to changes in research method, time period and data coverage. However, the results on the exchange rate elasticity of Chinese imports are much more ambiguous: the earlier studies found that an appreciation would increase Chinese imports, and the more recent studies reached a very different finding. Overall, no clear conclusions about the impacts of a real appreciation of the renminbi on China's trade balance can be made on the basis of earlier studies.
In this paper we use more-recent data to look at the impact of the real exchange rate on China's trade. In addition, we use cointegration techniques to focus on longer-term structural developments. We also expand the analysis from aggregate import and export equations to bilateral ones so as to investigate whether large differences exist among China's trade partners. This approach is particularly important for the rest of Asia, as we shall show. 
Methodology and data
To assess the sensitivity of Chinese exports and imports to changes in the real exchange rate of the renminbi, we estimate standard export and import equations. We use cointegration techniques because we are interested in the long-run relationships. In addition, we use reduced-form export and import equations to avoid simultaneous equation bias, which would result from estimating supply and demand functions alone. However, to avoid potential problems with omitted variables, we include supply and demand determinants in the reducedform equation.
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The two estimating equations are as follows: Given the importance of the processing sector for the Chinese economy, we estimate separate equations for processed and ordinary exports. In the same way, we differentiate between imports for processing and ordinary imports. 4 Graphs A1 and A2 in the appendix show the trends in ordinary and processed exports and imports: both grew much faster from 2001 onwards in conjunction with China's 2001 entry into the WTO.
A noticeable difficulty in working with the Chinese trade data is that, because no export and import price indices exist at the aggregate level, values and volumes cannot be easily disentangled. We therefore need to use proxies for the price data. As a proxy for export prices, we use China's consumer price index (CPI). We use that measure because China's National Bureau of Statistics does not provide data for a producer price index, and the whole a sales price index does not exist for our whole sample.
5 For import prices we calculate a weighted index of China's 25 most important trade partners' export prices and deflate China's imports with this index (data sources are in Table A1 in the Appendix). As a robustness test, we used export prices for Hong Kong SAR as a proxy for China's export prices; the results were maintained. See Goldstein and Khan (1985) for a critique of the prevailing assumption in export equations that supply is infinitely elastic.
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Imports for processing comprise imports of parts and components that are used in the processing sector as inputs to manufacture exports. Processed exports include components exported from China for assembly in other countries and exports of goods that are assembled using imported components. Ordinary trade, in turn, refers to goods that are not subject to further processing and are not assembled from imported components. 5 We also prefer the CPI to other external deflators, such as a weighted average of China's partners' import prices, because China has rapidly increased its market share, and it already is a major world exporter; thus, it is hard to argue that it is a pure price taker. 6 The underlying assumption is that most Hong Kong SAR exports are originally produced in mainland China and that Hong Kong SAR's mark-up of these goods remains relatively constant.
The REER is drawn from the IMF's international financial statistics and is constructed as follows:
where N is the number of currencies included in the index, i w is the weight of the th i currency and t i rer , is the bilateral real exchange rate against each of China's trade partners. 7 We also used the REER constructed by the BIS as a robustness test; the results did not change.
We expect the exchange rate elasticity for exports to be negative, as Chinese products compete in the world market. The expected sign for the exchange rate elasticity of imports is less clear in the Chinese case. A real appreciation should foster imports if the gained purchasing power is stronger than the reduced demand following the associated fall in exports. The reaction will very much depend also on the import structure. If imports are mainly substitutes for domestic production, price elasticity should be positive, ie an appreciation should increase imports. However, if imports are basically components and investment goods directed to the export industry, which is very large in China's case, they may be affected negatively by an appreciation.
Foreign demand for Chinese exports is measured by world imports (excluding imports to China) and deflated by the global import price index. Obviously, some production-based measure could have also been used, but monthly data do not exist. Furthermore, that kind of data may have even more serious difficulties in capturing the fast growth in world trade in the past few years -clearly faster than GDP growth -that has been due to the opening up of emerging economies. For China's domestic demand for ordinary imports, we use the volume of industrial production. GDP would, of course, be a broader measure of economic output, but in the wake of the major statistical reform in 2005, China's authorities have yet to publish quarterly GDP statistics for 1994-2005. For imports for processing, we use processed exports as a demand factor in the long run. The expected sign for income elasticity is positive both for exports and imports.
Additional controls are included in the export and import equations on the basis of their relevance in the trade literature as well as for the Chinese case. For exports, we test for the relevance of rebates of the value-added tax (VAT) that are used in China as a policy tool either to encourage or discourage exports, depending on the business cycle. The expected sign on VAT rebates is obviously positive.
8 To introduce supply considerations in our reduced-form equation, we use a measure of capacity utilization. The a priori is that high capacity utilization should point to potential supply constraints, which could hinder export growth. Capacity utilization is defined as the difference between industrial production and its trend, the latter being calculated using a Hodrick-Prescott filter.
The final control variable in the export equation is the real stock of inward foreign direct investment (FDI). While the relation between trade and exports is well established in the literature, it could be particularly relevant for China given the large amount of FDI directed to the export sector. Although in general one would expect that an increase in the stock of FDI should foster China's exports, the complicated structures of production chains, in which components and unfinished products may travel via several countries before reaching the final market, may complicate such an a priori.
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Moving to the import equation, import tariffs clearly need to be included since they have been substantially reduced, particularly since China's entry into the WTO. The second control is 7 For more details, see Bayoumi et al (2005) . again the FDI stock. We would, in principle, expect to find a positive coefficient on the FDI stock insofar as foreign companies are more likely to use imported machinery, components and parts in their production than are Chinese companies. However, as foreign companies start to gear their whole production chain to China, the need for imports could actually be reduced along with an increase in the FDI stock.
Finally, a deterministic trend is included in both export and import equations when it is statistically significant. The trend variable should help to capture productivity improvements and the ongoing reforms in the Chinese economy, which we cannot easily measure otherwise.
All other variables except VAT rebates and import tariffs, which are measured as a share of the value of exports and imports, are in logarithms. As Chinese data may not follow the standard seasonal pattern, we prefer to use unadjusted series while introducing dummies for the Chinese New Year and December. 10 We use monthly data for the period 1994-2005. Starting the analysis prior to 1994 would have made little sense since a breakthrough in China's market reforms occurred in that year. Some of the reforms are especially relevant to the question we pose, in that the two exchange rate systems were unified, mandatory planning for imports was eliminated and licensing requirements and quotas were reduced. Also price reform 11 was pushed forward, the renminbi started to be convertible on the current account and private sector development benefited from the new company law.
Results for China's import and export equations
As a preliminary step, we test for the order of integration of the variables included in our analysis. We use the augmented Dickey-Fuller (ADF) tests for the existence of a unit root. Nearly all variables are found to be non-stationary in levels but stationary in first differences. 12 We then test for the existence of cointegration vectors using the Johansen procedure. We find at least one cointegrating vector for each variable group. As proposed by Phillips and Loretan (1991) , 13 the presence of the cointegrating vectors allows us to estimate a regression of the lagged determinants and their differences through a non-linear least squares approach. Such an approach will yield unbiased and consistent estimates of the long-run and short-run parameters.
14 Besides regressions on export and import equations for our full sample (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , we also ran such regressions for a shorter period (2000-05) that concentrates on the period of WTO influence. 15 In both cases, we consider it important to distinguish between processed and 10 The final regression includes the dummies only when statistically significant.
11 According to OECD (2005) , the share of transactions conducted at market prices among producer goods increased to 78% in 1995, from 46% in 1991.
12 There are only two exceptions: capacity utilization, which appears to be I(0), and the FDI stock, which is not stationary even in first differences. The latter result seems to be due to the relatively large number of lags suggested by the Akaike information criteria. If we use only one lag, as suggested by the Schwarz criterion, we can reject the unit root even at the 1% level.
ordinary trade and, therefore, run separate equations for each of them in the case of both exports and imports. The maximum number of short-term lags introduced in the equations was three, and we ultimately included only those that were statistically significant.
The full results for the export equations can be found in Table A2 in the Appendix. 16 As expected, long-run exchange rate elasticities of China's exports -both processed and ordinary -are negative and significant in our full sample and also after WTO entry. When appropriately transformed (see Table 2 ), the estimated long-run impact of the real exchange rate is around -1.3 for processed exports for both periods. For ordinary exports, it drops from -2.3 measured for the whole period to -1.6 for the more recent period. Our results are very close to those found by other authors using cointegration analysis (-1.5 for total exports in Lau et al (2004) and -1.3 in Shu and Yip (2006) ). They are also similar to the estimated export price elasticities for major industrial countries (-1.5 and -1.6 for the United States and the United Kingdom, respectively, according to Hooper et al (1998) ).
For both ordinary and processed exports, the long-run positive effect of world demand on Chinese exports is very small and not statistically significant in our full sample, but it does become significant after WTO membership. That result is in line with the idea that China was facing considerable barriers to profiting from other countries' growth before its WTO entry. In addition, for the most recent sample, the income elasticity of Chinese exports is very close to 1, as expected. As for the control variables, capacity utilization has a significant impact on exports only contemporaneously or with a one-month delay. The sign of capacity utilisation is negative, in line with the idea that a larger share of production stays in the domestic market in high-growth periods. The VAT rebates are not statistically significant in any of the specifications; we thus exclude them from the final estimations, as their inclusion would shorten the estimation period due to data constraints. 17 As mentioned above, the data on the FDI stock start in 1997, and the stock is thus introduced as an explanatory variable only during the more recent subperiod. Somewhat surprisingly, however, the FDI stock does not affect Chinese exports to a statistically significant extent. The trend is positive and significant for all equations, while exports seem to decrease during the Chinese New Year and increase in December. If we exclude the trend from estimations, the coefficients on both world demand and the FDI stock would become strongly positive and significant. However, our results on the exchange rate elasticity would remain essentially unchanged.
The estimated coefficients of the import equations are shown in Table A3 in the Appendix. Demand factors seem to play a relatively moderate role in explaining past imports. 18 In the later subsample, imports for processing do react positively to external demand, measured by processed exports, and domestic industrial output increases ordinary imports, as expected.
As one would expect, the FDI stock appears to have a positive effect in the long run both on ordinary imports and on imports for processing. Finally, a reduction in import tariffs seems to foster imports for processing in the long run. 19 As for exports, dummies for the Chinese New Year as well as for December were significant in most cases.
Finally, the exchange rate elasticity of imports is always negative and generally significant. The only exception is imports for processing in the latter subperiod, for which the negative coefficient on the exchange rate is significant only at the 15% level. The exchange rate has not only a direct link to imports for processing but also an indirect link via processed exports. In other words, a renminbi real appreciation tends to reduce imports rather than to increase them. Although counterintuitive at first sight, such negative elasticity has already been reported in some of the most recent literature, such as Marquez and Schindler (2006) . The finding basically implies that imports -even ordinary ones -are more sensitive to the lowering of exports induced by the renminbi real appreciation than to a rise in purchasing power.
Looking at the reasons behind the negative exchange rate elasticity
The finding that a renminbi real appreciation has a negative impact on imports requires careful analysis, especially given its implications for China's trade surplus in the event of a real renminbi appreciation. Our a priori hypothesis is that the finding is related to the special characteristics of China's trade as illustrated by the large differences in China's bilateral trade balances across countries (Graphs 2 and 3).
China imports a large amount of intermediate goods from the rest of Asia for processing and re-exporting. As a result, the high degree of vertical integration among Asian exporting industries makes their imports to China more a complement to Chinese goods than a substitute for them. This implies that a real appreciation of the renminbi could lead to a decrease not only in Chinese exports but also in imports.
Vertical integration applies more to processing industries, but many ordinary imports, such as investment goods and raw materials, also function as inputs to the export sector. Overall, because the share of non-high quality consumption goods in China's imports is relatively small, it seems that only a small share of import products compete with Chinese domestic production. Some import products only follow foreign direct investment. A u s t r a l i a G e r m a n y J a p a n H o n g K o n g K o r e a M a l a y s i a N e t h e r l a n d s S i n g a p o r e T a i w a n T h a i l a n d To explore the issue further with readily available date, we ran bilateral regressions for China's 10 largest trade partners to assess whether a renminbi real appreciation would impact those partners differently. Our a priori is that imports from Southeast Asian countries, being mainly intermediary products for China to assemble and re-export, should respond negatively to a renminbi appreciation. In turn, imports from other countries are expected to react variably to renminbi appreciation, depending on their export structure. The estimated bilateral equations take the following format: where Chinese exports and imports to/from country j (X tj and M tj , respectively) are explained by the bilateral real exchange rate (RER jt ), external and domestic demand (Y tj * and Y t ) and other control variables. Unfortunately, we cannot separate exports and imports for ordinary and processing products, as no such data exist. As in the previous exercise, the CPI is used as a deflator for Chinese exports, and imports to China are converted to volumes with the export price index of each trade partner. 20 The bilateral real exchange rate between the renminbi and the currency of each of China's export and import partners is measured in CPI terms. The demand for China's exports is proxied by the real GDP of each of its export partners, while China's domestic demand is again captured by industrial production. We also introduce the stock of bilateral FDI in both export and import equations. As before, we introduce capacity utilisation for China's export equations. Finally, a trend was introduced when statistically significant. 21 Data sources are reported in Table A1 in the Appendix.
We estimate the bilateral trade equations for 2000-05 because, for some countries, data did not exist for the whole period. That practise allows us to compare results between countries and also with those for aggregate export and import equations. Following the same procedure as before, we conduct unit root tests for all bilateral variables. Virtually all of them are I(1) and at least one cointegration vector was found for each bilateral import and export equation.
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The results for the bilateral export equations are very similar to our aggregate estimations and also across countries (see Table A4 in the Appendix). 23 The bilateral appreciation of the renminbi against the currency of each of China's major trade partners reduces Chinese exports, although for the United States and Chinese Taipei the link is not statistically significant. The only exception is Hong Kong SAR, for which the coefficient is positive but not statistically significant. The result for Hong Kong SAR is not surprising given the difficulties in interpreting the data on trade between it and the mainland. After transformation (see Table 3 ), 20 When we formulate the bilateral equations, we use data from China's trading partners rather than from China's statistics to avoid China's incorrect accounting of its trade with Hong Kong SAR. China's statistics show a large amount of exports to Hong Kong SAR that in fact only pass through on the way to other countries. In any event, the data we use have other well-known caveats. For example, because of some tax considerations and its large ports, the Netherlands is often indicated as a final destination for goods that are actually only passing through to other European countries, which explains why the Netherlands appears in the data as one of China's major trade partners and also why it appears to have a large trade deficit with China. In reality, the bilateral equation on trade between China and the Netherlands reflects the dynamics of trade between China and Europe more generally. 21 The number of short-term lags included in the final estimations is again based on their statistical significance.
We seasonally adjust the data with the CensusX12 programme to avoid seasonal fluctuations in China's trade partners' data. If statistically significant, we introduce dummies for Chinese New Year and December. 22 Capacity utilisation was again I(0). The results of unit root and cointegration tests are available on request from the authors. 23 We do not report the equation on China's exports to Japan as it does not pass the standard misspecification tests. All reported results have passed the LM test on residuals' serial correlation.
the exchange rate elasticity is highest for exports to Singapore if we ignore the insignificant coefficient on exports to the United States.
We also find that economic activity in China's trade partners increases Chinese exports, as one would expect. Bilateral income elasticities are highly significant for all countries except Germany. For some countries, particularly in Europe and the United States, such elasticities are very large. That might be due to the relatively short time since China's entered the WTO, an event marking a major structural change in world trade. In addition, the large elasticities point to the importance of demand factors in explaining the large trade imbalance between China and the United States and the EU countries.
In some cases, our measure of productivity gains, the trend variable, is also positive and significant. For Korea and Chinese Taipei, however, the trend is negative. As for FDI, an increase of FDI from Korea or Chinese Taipei into China raises Chinese exports to these countries, but for Germany and Italy, the impact is the opposite. The differential effect might be due to the differing behaviour of Asian and European multinationals when dealing with the Chinese market. As mentioned above, a negative link could reflect a transfer of the entire manufacturing process to China. For example, in the past, some semi-finished products may have been first exported from China to Germany and after some modification shipped to the final destination, whereas now the entire manufacturing process has probably been moved to China and there is no longer the need to ship the product first to Germany. Nonetheless, the result should be interpreted with caution as it warrants deeper analysis.
The results for the bilateral import equations are much less homogeneous, as shown in Table  A5 in the Appendix. 24 First, our estimated long-run price elasticities show that a renminbi real appreciation reduces imports from all Asian countries to China. The coefficient is significant for Korea and Thailand. For high-income countries -the United States, Germany and Japan -the coefficient is negative but not statistically significant. The coefficient is positive for only Russia and Australia, but it is not statistically significant. As for the income elasticities, they are generally positive although rather low and not always statistically significant. China's imports from Japan, Chinese Taipei, Germany, Russia, Malaysia and Thailand increase with FDI from these countries. Again, Korea is somewhat exceptional, with negative and significant long-run coefficient on FDI. Table 3 summarises the transformed long-run price and income elasticities for China's bilateral export and import equations. Source: CEIC.
To better understand the diverse results found for the exchange rate elasticity of Chinese imports, we examine the composition of China's imports from each of its major trade partners (Table 4) . Australia and Russia basically export energy and raw materials to China, which might explain the weak reactions of Chinese imports from these countries to changes in the bilateral real exchange rate. Somewhat surprisingly, an increase in China's economic activity does not have a significant positive impact on imports from Russia (actually, the link is negative but far from being statistically significant). The lack of connection could be explained by the underdeveloped transport connections between Russia and China: if railway use is at capacity, more oil cannot be transported to China even with an increase in demand. In contrast, Australian imports do increase with China's industrial value-added.
A second group of countries that can be identified in the results are those with high income level. Exports from Germany, Japan and the United States are not sensitive to changes in the bilateral real exchange rate. Exports from Germany and Japan to China are clearly driven by FDI, but US exports to China seem to benefit more from overall economic development in China. Those results are natural when considering the structure of exports from these countries. About half of German and Japanese exports to China are machinery and electronics, products that are often used in the export oriented (and largely foreign owned) industries. The imports from the United States, however, are much more widely varied, including soybeans, airplanes and high-tech chips. Although many of the products from the United States are directed to the domestic sector, there are no subsidies or Chinese competition for them, which largely explains the low and even negative exchange rate elasticity.
The third group of countries consists of emerging Asian countries whose exports to China are negatively affected by a renminbi appreciation. They mainly export products, parts and components to Chinese export industries, and their exports to China are thus negatively linked to renminbi appreciation.
As shown in Graph 4, a number of Asian countries have a very large share of their exports going to mainland China. If we assume that a part of the exports to Hong Kong SAR also end up in mainland China, the shares become even larger. For example, exports to mainland China and Hong Kong SAR constitute close to 40% of all exports from Chinese Taipei. Therefore, our results, which point to a renminbi appreciation reducing exports from the rest of Asia to China, should be a concern for many Asian countries, especially if they are not able to compensate for this effect by increasing exports to other destinations. The threat from a renminbi appreciation largely depends upon the degree of complementarity among Asian exports and also upon the reactions of the Asian supply chains. Although testing for this hypothesis would require a detailed sectoral analysis that is beyond the scope of this paper, we attempt to give a preliminary assessment by estimating export equations for China's main trade partners in Asia.
The form of the export equation is the same as above for China, so we explain exports by the country's own real effective exchange rate and world demand. In addition, the equation includes China's real effective exchange rate as an additional explanatory variable. The data on exchange rates are again CPI-based, and world demand is measured by world total imports. The trend is included when it is found to be statistically significant.
We estimate the export equations for China's main Asian trade partners for the period 2000-05 and seasonally adjust the data with the CensusX12 programme. 25 We find our variables are again integrated of degree 1, and at least one cointegrating vector exists among each group of variables. 26 25 We dropped Indonesia from the sample because of a lack of data. 26 The results of unit root and cointegration tests are available on request from the authors. The detailed results from the export equations for the selected Asian countries are reported in Table A6 in the Appendix. 27 When transforming the obtained long-run coefficients (Table 5 ), we can see that exports from most Asian countries are negatively affected by China's real currency appreciation. For Korea, Chinese Taipei and Thailand, the negative impact of the renminbi appreciation is statistically significant. The only exception is Malaysia, whose exports would benefit from renminbi real appreciation. Thus, the country-based indicate that exports from many other Asian countries do not seem to be redirected fully to other countries when China's demand for imports shrinks. As expected, income elasticities are always positive, although they are not statistically significant in the case of the Philippines and Thailand. Our results are thus very much in line with those of Ahearne et al (2006) and Cutler et al (2004) , who found that common factors, like world demand, drive exports both from China and the other Asian economies.
Conclusions
During the past few years, there has been growing discussion both in China and in international forums on the desirability of a renminbi appreciation. Many have argued that exchange rate policy would not serve the purpose of reducing China's large trade surplus. This paper shows empirically that China's trade balance is sensitive to fluctuations in the real effective exchange rate. In fact, estimating long-run elasticities of Chinese exports and imports to changes in the renminbi's real effective exchange rate for the period from 1994 to end-2005, we find strong evidence that a real appreciation reduces exports substantially in the long run. The result holds both for processed exports (i.e. transformed and re-exported goods) and ordinary exports. However, real currency appreciation also reduces imports to China, which limits the net impact of exchange rate policy on the trade surplus.
On the basis of our estimated elasticities for the period beginning at the point (2000) that WTO entry for China was known, a 5% real appreciation of the effective exchange value of the renminbi -other things given -would have led to about a 7% reduction in export volume. When we take into account the direct link from the exchange rate to imports as well as the indirect link (from a decrease in processed exports to imports for processing), the total volume of imports would have decreased by about 4%. Based on these estimates, the trade surplus would have shrunk almost by one fourth in 2005, from about USD 100 billion to less than USD 80 billion. However, these figures have to be treated with extreme care as they represent only very rough calculations that do not take into account, for example, the pass-through effects of the exchange rate on export and import prices and thus on the trade surplus. It is likely that our figures overestimate the reduction in the trade surplus because, in the case of an appreciation, the export prices denominated in foreign currency would probably increase so that the actual impact on the export value would actually be smaller. On the other hand, fluctuations in the renminbi exchange rate may not influence all import prices, eg the world market price for oil, so that the pass-through effect on Chinese import prices could be much smaller. Unfortunately, pass-through effects in China are difficult to estimate because of a lack of time series data on export and import prices.
Although it is not completely new, our finding that China's imports decrease as a result of an appreciation of its currency prompted a deeper investigation. We explored the issue further by estimating bilateral equations for China's trade with its major trade partners. It seems that the renminbi bilateral real appreciation against the currency of a trade partner generally reduces China's imports, particularly from other Asian countries. The result for Chinese imports from Asia is probably explained by the high degree of vertical integration of the exporting sectors of Asian countries. Such Asian production networks make products from other Asian countries more of a complement to China's exports than a substitute for them. This hypothesis is supported by our results showing that total exports from Asian countries -and not only exports to China -are negatively affected by a renminbi real appreciation.
These findings raise concerns in terms of Asia's reaction to a sudden appreciation of the renminbi, particularly if other Asian currencies also appreciate. Although this study concentrates on only the volumes of imports and exports -so the conclusions cannot be comprehensive -it does underscore the importance of investigating further potential effects from a renminbi real appreciation and different combinations of exchange rate policies in Asia. A number of papers on this issue have already been published, but studies using fresh data are needed.
Finally, although Chinese exports have clearly benefited from fast economic growth in advanced economies, we found the income elasticity of Chinese imports to be rather low. It seems that exports to China are more dependent on foreign direct investment than economic activity in China. However, this characteristic can change in the near future if the composition of Chinese imports starts shifting from raw materials, parts and components and investment goods towards goods for domestic consumption. Standard errors in parentheses. * Indicates significance at 10% level, ** at 5% level and *** at 1% level. 9M1994  5M1995  1M1996  9M1996  5M1997  1M1998  9M1998  5M1999  1M2000  9M2000  5M2001  1M2002  9M2002  5M2003  1M2004  9M2004  5M2005  1M2006   importsordinary   importsprocess Source: CEIC.
